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Backgrounds/Aims: Hepatic arterial infusion chemotherapy (HAIC) has been reported as
an effective treatment for advanced hepatocellular carcinoma. The aim of this study is to
compare the effect and safety between a high-dose regimen (750 mg/m2 5-fluorouracil [FU]
and 25 mg/m2 cisplatin on day 1-4) and a low-dose regimen (500 mg/m2 5-FU on day 1-3 with
60 mg/m2 cisplatin on day 2).
Methods: A total of 48 patients undergoing HAIC were retrospectively analyzed. Thirty-two
patients were treated with the high-dose and 16 patients with the low-dose regimen.
Results: Complete response (CR), partial response (PR), stable disease (SD), and progressive
disease were noted in one (3.1%), 15 (46.9%), three (9.4%), and 13 patients (40.6%) in the highdose group, and 0 (0%), one (6.3%), eight (50%), and seven patients (43.8%) in the low-dose
group (p=0.002). The disease control rate (CR, PR, and SD) did not differ between groups (59.4%
vs. 56.3%, p=1.000), but the objective response rate (CR and PR) was significantly higher in
the high-dose group (50.0% vs. 6.3%, p=0.003). The median progression free survival did not
differ between groups (4.0 vs. 6.0, p=0.734), but overall survival was significantly longer in
the high-dose group (not reached vs. 16.0, p=0.028). Fourteen (43.8%) patients in the highdose group and two patients (12.5%) in the low-dose group experienced grade 3-4 toxicities
(p=0.050).
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Conclusions: High dose HAIC may achieve better tumor response and may improve overall
survival compared to a low-dose regimen. However, the high-dose regimen should be
administered cautiously because of the higher incidence of adverse events. (J Liver Cancer
2019;19:38-45)
Keywords: Hepatocellular carcinoma; Chemotherapy, cancer, regional perfusion; Administration,
metronomic

Introduction
Corresponding author : Sung-Bum Cho
Department of Internal Medicine, Chonnam National University Medical
School, 160 Baekseo-ro, Dong-gu, Gwangju 61469, Korea
Tel. +82-62-220-6296, Fax. +82-62-225-8578
E-mail; portalvein@naver.com
https://orcid.org/0000-0001-9816-3446

Approximately 10-40% of hepatocellular carcinoma
(HCC) is diagnosed at an advanced stage with portal vein invasion.1,2 Although sorafenib is a mainly used for treatment
of advanced HCC, transarterial chemoembolization (TACE),
radiotherapy and hepatic arterial infusion chemotherapy
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(HAIC) can be other options. In a study of advanced HCC

Inclusion criteria were as follows: 1) HCC with main portal

cases in the Asian-Pacific area, patients treated with sorafenib

vein invasion, 2) inadequate for TACE (large arterioportal

survived only 2 to 3 months longer than the control group.3

shunt or infiltrating HCC), 3) refractory to TACE, 4) pre-

According to many studies, combined treatments resulted in

served baseline liver function below Child-Push score 7,

4

better outcomes compared to sorafenib alone.

5) adequate marrow function with absolute neutrophil count

In HAIC, chemo-agents are infused directly into the he-

> 1,500/mm3, leukocyte count >3,000/mm3 and platelet

patic artery through an implanted catheter, providing higher

count >70,000/mm3, 6) serum creatinine <1.5 mg/dL, 7)

local concentrations and lower systemic side effects.5,6 Al-

Eastern Cooperative Oncology Group (ECOG) performance

though it has clinical efficacy for advanced HCC with portal

score 0-1, and 8) age between 19 and 71. Exclusion criteria

vein thrombosis including infiltrating types, HAIC has limi-

were as follows:7 1) baseline liver function above Child-Pugh

tations for standardized therapy due to lack of unified proto-

score 7, 2) huge HCC covering over 50% of the surface of the

cols, diverse indications, differences in response rate, deterio-

liver, 3) significant decompensation such as variceal bleed-

ration of liver and bone marrow function, catheter-related

ing, uncontrolled ascites, or hepatic encephalopathy within

7

problems, and other issues. In spite of variable response

the last 6 months, 4) history of an another systemic chemo-

rates from 7 to 81%, some studies have reported a dramatic

therapy, and 5) other uncontrolled malignancies or comor-

response to HAIC in some patients with advanced HCC. A

bidities. This study is approved by clinical research ethics

multicenter study in South Korea showed that patients treat-

committee of Chonnam National University Hwasun Hospi-

ed with HAIC had better outcomes than those treated with

tal (CNUHH-2016-011) and it is in observance of the Hel-

8-10

sorafenib for advanced HCC with portal vein invasion.

sinki declaration.

There are several kinds of chemo-agents for HAIC, of
which a combination of 5-fluorouracil (5-FU) and cisplatin

2. Treatment protocol

11

is the most commonly used. The efficacy of this regimen
varies from 5.0-19.5 months of median overall survival (OS)

Based on studies previously reported in South Korea, pa-

and 3.8-38.5% of response rate. These unstable outcomes are

tients were divided into the high- and low-dose groups.8,14,15

due to stage of cancer, existence of portal vein thrombosis,

The high-dose regimen consisted of infusing 750 mg/m2

baseline liver function, and dose of chemo-agents etc.7,11-13

5-FU and 25 mg/m2 cisplatin for 4 days daily and the low-

High-dose chemotherapy usually has better efficacy than

dose regimen was an infusion of 500 mg/m2 5-FU for 3 days

low-dose chemotherapy, but it carries a higher risk of deteri-

daily with 60 mg/m2 cisplatin on day 2.

7

orating liver function or of having side effects. There is a

Baseline imaging was obtained using dynamic contrast-en-

lack of studies on the optimal dose of chemo-agents in

hanced computed tomography or magnetic resonance imag-

HAIC. Therefore, we aimed to compare the efficacy and

ing before the treatment. Follow-up images were checked ev-

safety of high-dose 5-FU/cisplatin to that of low-dose 5-FU/

ery 2 or 3 cycles, and tumor response was assessed. Each

cisplatin.

cycle of HAIC was performed every 3 to 4 weeks, and blood
test and physical examination were checked before each cy-

Methods

cle. If the blood test and physical examination showed that
patient was not fully recovered from toxicities, dose of che-

1. Patients

mo-agents was reduced by 20 to 25 percents or the next cycle
of HAIC was delayed.

This study was conducted as a retrospective cohort study.
We reviewed the medical records of patients who were treated with HAIC between September 2010 to December 2016.
http://www.livercancer.or.kr
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3. Outcomes

Child-Pugh score, Model for End-Stage Liver Disease score,
presence of ascites, or previous use of antiviral agent. The

OS was defined as the primary outcome and progression-

number of patients with portal vein invasion was 19 (59.4%)

free survival (PFS), response rate, and adverse events were

in the high-dose group and 12 (75.0%) in the low-dose

used as secondary outcomes. The OS was defined as the du-

group. And the number of patients with extrahepatic metas-

ration from the start of HAIC to death or the last follow-up.

tasis was one (3.1%) in the high-dose group and three

The PFS was defined as the duration from the start of HAIC

(18.8%) in the low-dose group. There were five patients

to the date of disease progression or death. Treatment re-

(15.6%) with Barcelona Clinic Liver Cancer (BCLC) stage B

sponse was assessed as complete response (CR), partial re-

and 27 (84.4%) with BCLC stage C in the high-dose group,

sponse (PR), stable disease (SD), or progressive disease (PD)

and all of the low-dose group had BCLC stage C. For modi-

according to modified Response Evaluation Criteria in Solid

fied Union of International Cancer Control stage, there were

Tumors (mRECIST), and the best response during the treat-

five patients (15.6%) with stage III, 26 (81.3%) of stage IVa

ment was used for analysis. Objective response rate was de-

and one (3.1%) with stage IVb in the high-dose group,

fined as the proportion of patients with CR or PR, and dis-

and there were 13 patients (81.3%) with stage IVa and three

ease control rate was defined as the proportion of patients

(18.8%) with stage IVb in the low-dose group. Twenty pa-

with CR, PR, or SD. Treatment-related adverse events were

tients (62.5%) in the high-dose group and seven (43.8%) in

assessed based on National Cancer Institute Common Ter-

the low-dose group were previously treated with other thera-

minology Criteria for Adverse Events, version 4.0.

pies before HAIC. The most common previous therapy was
TACE, 19 patients (59.4%) in the high-dose group and five

4. Statistical analysis

patients (31.3%) in the low-dose group. Serum alpha-fetoprotein (AFP) and protein-induced by vitamin K absence or

Results were reported as mean ( ±standard deviation),

antagonist –II (PIVKA-II) values were not significantly dif-

number (%), or median (95% CI) and comparisons were
performed using Student’s t -tests, Chi-square tests or Fisher’s

ferent between the two groups. The mean number of HAIC

exact tests. Survival outcomes were estimated using the Ka-

group, and the mean duration of HAIC treatment was 156.3

plan-Meier method and compared by log-rank tests. Univar-

days for high-dose group patients and 189.3 days for low-

iate analyses and multivariate analyses by Cox regression

dose group patients. Seventeen patients (53.1%) in the high-

model were used to analyze factors that affect survival. P -val-

dose group and seven (43.8%) in the low-dose group under-

ues less than 0.05 were regarded as statistically significant. All

went rescue therapy after disease progression (Table 1).

cycles was 5.2 in the high-dose group and 6.7 in the low-dose

statistical analyses were performed by Statistical Package for
the Social Sciences (IBM SPSS ver. 18.0; IBM Corp., Ar-

2. Treatment response

monk, NY, USA).
According to mRECIST, CR, PR, SD, and PD were noted

Results

in one (3.1%), 15 (46.9%), three (9.4%), and 13 patients
(40.6%) in the high-dose group, and 0 (0%), one (6.3%),

1. Baseline characteristics

eight (50.0%), and seven patients (43.8%) in the low-dose
group, respectively (P =0.002). The disease control rate (CR,

A total of 48 patients were analyzed, which consist of 32 pa-

PR, and SD) did not differ between groups (59.4% vs. 56.3%,

tients in the high-dose group and 16 patients in the low-dose

P =1.000), but the objective response rate (CR and PR) was
significantly higher in the high-dose group (50.0% vs. 6.3%,
P =0.003), (Table 2).

group. The two groups did not differ significantly in age,
gender, ECOG performance score, etiology of liver disease,
40
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Table 1. Baseline demographic and clinical characteristics

High-dose group (n=32)

Low-dose group (n=16)

p-value*

Age (years)

57.2 ± 8.7

56.9 ± 12.5

0.741

Sex (male)

26 (81.3)

16 (100.0)

0.159

0

27 (84.4)

12 (75.0)

1

5 (15.6)

4 (25.0)

HBV

26 (81.3)

11 (69.8)

HCV

1 (3.1)

1 (6.3)

Alcohol

5 (15.6)

4 (25.0)

ECOG performance status

0.457

Etiology

0.414

Child Pugh Class
A
B

0.468
26 (81.3)

11 (68.8)

6 (18.8)

5 (31.3)

MELD Score

8.2 ± 1.6

9.1 ± 2.4

0.318

Ascites

16 (50.0)

4 (25.0)

0.127

Antiviral therapy

17 (65.4)

9 (81.8)

0.445

Portal vein invasion

19 (59.4)

12 (75.0)

0.350

1 (3.1)

3 (18.8)

0.101

Stage B

5 (15.6)

0 (0.0)

Stage C

27 (84.4)

16 (100.0)

Stage III

5 (15.6)

0 (0.0)

Stage IVA

26 (81.3)

13 (81.3)

Extrahepatic metastasis
BCLC stage

0.154

Modified UICC stage

Stage IVB
Previous treatment
Surgery
Radiofrequency ablation
TACE
Radiotherapy
Sorafenib

0.057

1 (3.1)

3 (18.8)

20 (62.5)

7 (43.8)

9 (28.1)

0 (0.0)

8 (25.0)

1 (6.3)

19 (59.4)

5 (31.3)

1 (3.1)

2 (12.5)

0.355

5 (15.6)

2 (12.5)

AFP level (ng/mL)

7,274.1 ± 11,017.2

8,922.2 ± 11,762.3

0.944

PIVKA-II level (mAU/mL)

6,750.8 ± 10,943.0

2,649.8 ± 3,543.3

0.412

5.2 ± 3.5

6.7 ± 5.2

0.590

156.3 ± 154.9

189.3 ± 174.1

0.766

Number of cycle
Duration of treatment (days)
Rescue treatment

17 (53.1)

7 (43.8)

0.760

Values are presented as mean ± standard deviation or number (%).
ECOG, Eastern Cooperative Oncology Group; HBV, hepatitis B virus; HCV, hepatitis C virus; MELD, Model for End-Stage Liver Disease; BCLC,
Barcelona Clinic Liver Cancer; UICC, Union of International Cancer Control; TACE, transcatheter arterial chemoembolization; AFP, alpha-fetoprotein;
PIVKA-II, protein-induced by vitamin K absence or antagonist-II.
*
The Chi-square test and Fisher's extract test were used.
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3. Survival analysis
The median follow-up time was 12.3 months (range, 1 to
39 months) in the high-dose group and 11.8 months (range,
1 to 26 months) in the low-dose group, respectively. Median
PFS was 6.9 months (range, 0 to 26 months) in the high-dose
group and 6.4 months (range, 0-16 months) in the low-dose

P =0.612; OS, not reached vs. 16.0 months, P =0.083). The
cox regression model analysis showed that age (HR, 1.076;
95% CI, 1.017-1.138; P =0.010), baseline AFP value over
200 ng/mL (HR, 6.423; 95% CI, 1.570-26.271; P =0.010), and
decrease of PIVKA-II value less than 25% (HR, 7.184; 95%
CI, 1.191-43.335; P =0.032) were significant prognostic factors for OS (Table 3).

group (P =0.734, Fig. 1A).
During the follow-up period, 28.1% (9/32) in the high-

4. Treatment-related adverse events

dose group patients and 87.5% (14/16) of low-dose group
patients died. Median OS was not reached in the high-dose

The frequency of total adverse events was similar, 90.6%

group and 16.0 months (range, 1-26 months) in the low-

(29/32) in the high-dose group and 87.5% (14/16) in the low-

dose group (P =0.028, Fig. 1B). Furthermore, in 43 patients

dose group. However, 43.8% (14/32) of the high-dose group

(27 in the high dose group, 16 in the low-dose group) with

patients and 12.5% (2/16) of the low-dose group patients ex-

BCLC stage C, no significant difference in PFS and OS was

perienced severe adverse events (grade 3-4) (P =0.050). The

observed between groups (PFS, 3.0 months vs. 6.0 months,

most common adverse event over grade 2 in the high-dose

Table 2. Treatment response by modified RECIST criteria

High-dose group (n=32)

Low-dose group (n=16)

Best response
Complete response (CR)
Partial response (PR)

P-value*
0.002

1 (3.1)

0 (0.0)

15 (46.9)

1 (6.3)

3 (9.4)

8 (50.0)

13 (40.6)

7 (43.8)

Objective response rate (CR+PR)

16 (50.0)

1 (6.3)

0.003

Disease control rate (CR+PR+SD)

19 (59.4)

9 (56.3)

1.000

Stable disease (SD)
Progressive disease (PD)

Values are presented as number (%).
RECIST, response evaluation criteria in solid tumors.
*
The Chi-square test and Fisher's extract test were used.

A

B

Figure 1. Comparison of (A) progression-free survival and (B) overall survival between high-dose and low-dose regimen.
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group was neutropenia (25.0%) (Table 4).

lenvatinib is recommended as first-line treatment for advanced HCC patients with vascular invasion or extrahepatic

Discussion

spread, and preserved liver function. And HAIC is considered for targeted agent-refractory or intolerant HCCs with

The prognosis of advanced HCC was poor with median
1

portal vein invasion. HAIC is not globally recommended

OS of 2 to 4 months despite aggressive treatment. According

therapy in guidelines because of lack of well-designed ran-

to the newly revised guideline in South Korea, sorafenib or

domized controlled trials, various indications for each insti-

Table 3. Factors associated with overall survival according to univariate and multivariate analyses

HR (95% CI)

Univariate
(P-value)

HR (95% CI)

Multivariate
(P-value)

1.076 (1.017-1.138)

0.010

3.067 (0.701-13.417)

0.137

Age (years)

1.044 (1.000-1.089)

0.048

Sex (male)

0.549 (0.161-1.873)

0.338

ECOG PS 1

7.125 (2.772-18.316)

0.000

Child-Pugh class B

1.388 (0.545-3.535)

0.492

MELD score

1.262 (0.994-1.602)

0.057

Ascites

0.766 (0.313-1.873)

0.559

Extrahepatic metastasis

1.628 (0.479-5.536)

0.435

mUICC stage IV

3.799 (0.510-28.311)

0.193

Previous treatment

0.565 (0.248-1.288)

0.174

AFP >200 ng/mL

2.641 (1.083-6.720)

0.042

6.423 (1.570-26.271)

0.010

Decreased AFP <25%

4.580 (1.354-15.489)

0.014

8.465 (0.932-76.895)

0.058

PVIKA-II >500 mAU/mL

3.062 (0.885-10.602)

0.077

Decreased PVIKA-II <25%

6.246 (2.029-19.222)

0.001

7.184 (1.191-43.335)

0.032

No rescue treatment

2.594 (1.113-6.046)

0.027

0.426 (0.081-2.233)

0.313

HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; PS, performance status; MELD, model for end-stage liver
disease; UICC, Union of International Cancer Control; AFP, alpha-fetoprotein; PVIKA-II, protein-induced by vitamin K absence or antagonist-II.
Table 4. Treatment-related adverse events

High-dose group (n=32)

Low-dose group (n=16)

Grades 1/2

Grades 3/4

Grades 1/2

Grades 3/4

Leukopenia

9 (28.1)

3 (9.4)

7 (43.8)

0 (0.0)

Neutropenia

3 (9.4)

8 (25.0)

3 (18.8)

1 (6.3)

Anemia

11 (34.4)

6 (18.8)

7 (43.8)

0 (0.0)

Thrombocytopenia

15 (46.9)

1 (3.1)

7 (43.8)

1 (6.3)

Hypoalbuminemia

6 (18.8)

1 (3.1)

1 (6.3)

0 (0.0)

Elevated AST

7 (21.9)

3 (9.4)

3 (18.8)

0 (0.0)

Elevated ALT

2 (6.3)

1 (3.1)

1 (6.3)

0 (0.0)

Hyperbilirubinemia

2 (6.3)

2 (6.3)

3 (18.8)

0 (0.0)

Elevated INR

5 (15.6)

0 (0.0)

1 (6.3)

0 (0.0)

Elevated creatinine

6 (18.8)

0 (0.0)

2 (12.5)

0 (0.0)

Values are presented as number (%).
AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, international normalized ratio.
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tution, absence of standardized protocols.

terioration, bone marrow suppression, and malnutrition due

Many studies showed various results on response to HAIC.

to toxicities.16 So we thought that more than six cycles of

The objective response rate of the 5-FU/cisplatin regimen

HAIC should be avoided. In this study, one patient who un-

that most widely used in South Korea was reported as 22 to

derwent 18 cycles of HAIC became weak and cachexic, and

8,11,14,15

In a

finally died of pneumonia. And early prediction of tumor re-

prospective multicenter study for advanced HCC with portal

sponse is possible because significant decrease in tumor

vein thromobosis in South Korea, HAIC was superior to

markers and tumor sizes after 1-2 cycles is observed in most

sorafenib in both treatment response and survival (HAIC; CR

of patients with good response to HAIC.17,18 So we finished

2%, PR 22%, SD 66%, PD 10%, OS 7.1 months vs. Sorafenib;

HAIC early in patients who showed PD after 2 cycles, and

CR 0%, PR 13%, SD 32%, PD 55%, OS 5.5 months).8

continued HAIC up to 6 cycles for those who showed SD

32%, and CR rate was also reported in 2 to 6%.

Higher dose of chemotherapy is expected to have better

and PR after 2 cycles. And sequential treatments such as re-

response but greater toxicities by deteriorating liver func-

section, TACE, target therapy, and radiotherapy were carried

7

tion. An adequate dose of chemotherapy to optimize re-

out according to the status of tumor and patients. Therefore,

sponse and minimize toxicities is not yet established, but

it is necessary to evaluate the role of HAIC as a bridging

greater efficacy is expected with higher doses for patients

therapy to decrease size of tumor and to improve efficacy of

with Child-Pugh A liver function and preserved bone mar-

sequential rescue therapy such as targeted agents rather than

row function.

maintenance therapy.19,20

In this study, patients were divided into the high-dose
2

This study has some limitations. First, this study is a single

2

center, retrospective study with many biases. Second, there

cisplatin) and the low-dose group (1,500 mg/m 5-FU and 60

were heterogenous stages in the two groups with more inter-

group (total dose for one cycle; 3,000 mg/m 5-FU and 100 mg/m
2

2

mg/m cisplatin) based on previous reports in South Korea.

mediate stage patients in the high-dose group, and this factor

The high-dose group in this study was infused separated dose

affected treatment response and survival.

daily for a few days rather than infusing at once, in order to

In conclusion, HAIC with high-dose 5-FU/Cisplatin may

increase whole dose of chemo-agents and prolong duration

achieve better tumor response and may improve survival

of exposure to chemo-agents. In the high-dose group had a

compared to a low-dose regimen for advanced HCC with

better objective response rate (high-dose group, 50.0% vs.

preserved liver and bone marrow function. However, high-

low-dose group, 6.3%), and a higher incidence of severe ad-

dose regimens should be administered cautiously because of

verse events over grade 2 (high-dose group, 43.8% vs. low-

higher incidence of adverse events. More studies are needed

dose group, 12.5%). But there were no clinically uncon-

to determine the adequate cycles of HAIC, and this should

trolled adverse events in both two groups. Compared to

establish a role HAIC as a bridging therapy combined with

another study using high-dose of cisplatin and 5-FU, this

other options such as target therapy.

study showed a better objective response rate and a similar incidence of hematologic adverse events.14 These results may be
attributed to baseline characteristics of the patients, exclusion

Conflicts of Interest
The authors have no conflicts to disclose.

of large HCC covering over 50% of the liver surface and inclusion of patients with TACE refractoriness in BCLC stage B.
The duration of HAIC treatment is not established. HAIC
does not always guarantee good response and further study
should be done to establish how many cycles are adequate.
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